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XLIV.  Experiments on Light ~. By H. F. TALBOT, Esq.t 
M.P., F.R.S.  

§ 1. MicroscoTic ApTearances with Polarized Light. 

A M O N G  the very numerous attempts which have been 
made of late years to improve the microscope, I am not 

aware that it has yet been proposed to illuminate the objects 
with polarized light. 

But as such an idea is sufficiently simple and obvious, it is 
possible that some experiments of this kind may have been 
published, although I am not acquainted with them. I have 
lately made this branch of optics a subject of inquiry, and 
I have found it so rich in beautiful results as entirely to sur- 
pass my expectations. 

As little else is requisite to repeat the experiments which 
I am about to mention than the possession of a good micro- 
scope, I think that in describing them I shall render a service 

t o  that numerous class of inquirers into nature, who are de- 
sirous of witnessing some of the most brilliant of optical pha~- 
nomena without the embarrassment of. having to manage, an. y 
large or complicated apparatus. And it cannot be without in- 
terest for the physiologist and natural historian to present him 
with a method of microscopic inquiry, which exhibits objects 
in so peculiar a manner that nothing resembling it can be 
produced by any arrangements of the ordinary kind. 

In order to view objects by polarized light, I place upon 

* A paper read to the Royal Society, July 1834. 
Third Series. Vol. 5. No. 29. Nov. 18S4. 2 T 
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3 ~  Mr. H.  F. Talbot's Experiments on Light. 

the stage of the microscope a plate of  tourmaline, through 
which the light of the large concave mirror is transmitted be- 
tbre it reaches the object lens. Another plate of tourmaline 
is placed between the eyeglass and the eye; and this plate is 
capable of being turned round in its own plaue, so that the 
light always traverses both the tourmalines perpendicularly. 
The  mirror being adjusted so as to reflect the daylight into 
the body of the microscope, and no object being as yet placed 
on the stage, it fbllows, as indeed is obvious to all who are 
conversant with this branch of optics, that if the two tourma- 
lines are placed in a similar position, the light fi'eely traverses 
them both : but if that which is next the eye is turned round 
90 ° , the observer can perceive nothing, except when the light 
of the sun is used, which causes a small remnant of the light 
to become visible. :Except in this case, however, tile field of 
view is quite dark in this position of the tourmalines, and par- 
tially bright in the opposite position. It is only partially, 
and not entirely bright, because even the best tourmalines have 
a considerable tinge of brown or green colour, which greatly 
disturbs and disfigures the colours of all bodies which are 
viewed through them. 

In consequence of this defect I found it advisable to abandon 
the use of tourmalines, and to adopt, instead, an arrangement 
of single-image calcareous spar, ttle invention of which is due 
to Mr- Nicol. As I have examined the theory of this instrument 
in another place*, I shall not revert to it at present further 
than to say that the effect it produces is entirely similar to that 
of  the tourmaline, but that it possesses over that mineral the 
precious advantage of perfect whiteness and transparency. 

This instrument has nearly the form of a four-sided prism 
with a rhomboidal base, and it is conveniently placed in the 
axis of a small brass tube, which is screwed on as close above 
the eyeglass as possible, and forms a prolongation of t}le tube 
of the microscope. A similar tube is screwed beneath the 
stage of the microscope to transmit and at the same time po- 
larize the light of the mirror. 

This arrangement is found to answer extremely well, for 
when the two polarizing instruments are placed in a similar 
position, the field of view is bright and perfectly white; but 
when the one next the eye is turned round 90 ° , the field of 
view is completely dark. It is in the latter situation that the 
microscope is generally to be used. 

Having fitted up a microscope in the manner described, let 
us take for the object of examination a hair. In order to make 

See Lond. and Edinb. Phil. Mag., vol. iv. p. ~289. 
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Mr. H. F. Talbot's EaT~erimenls on Light. 325 

it perfectly transparent, and to prevent the diffraction of light, 
it should be immersed in oil or varnish and pressed between 
two plates of glass. The field of view having been darkened 
as much as possible in the manner before described, the hair 
is placed upon the stage of the microscope, and it is then seen 
to be beautifhlly lmninous. As no other light reaches the 
eye than that which traverses the hair, every minute circum- 
stance in its interior structure is plainly distinguished. It is 
almost needless to say that this effect is owing to the de- 
polarizing power of the hair. Many organic substances of 
animal and vegetable origin appear luminous in a similar wtl3' , 
while others, on the contrary, are inert, and have no such ac- 
tion upon light. 

Fragments of coarsely powdered sugar and of various kinds 
of salts appear more or less bright, and mottled with various 
colours ; but common salt is an exception, as it remaitls nearly 
or altogether dark, at least when it is employed in a state of 
purity. 

But when instead of examining amorphous fi'agments of 
these salts we view them regularly and carefully crystallized, 
the ph~enomena become much more interesting. Sulphate of 
copper offers a very excellent example. This salt, which is of 
a fine blue colour when viewed in considerable thicknesses~ 
is white and transparent when it is extremely thin, and its 
crystals can be procured so small as to be quite destitute of 
perceptible coloration. A drop of it was placed upon a warm 
piece of glass and suffered to evaporate gradually. The cry- 
stals shooting from the edge of the drop into the interior of 
the liquid had a long and narrow rectangular form, with a 
slanting extremity, which may be compared in shape to the 
straight edge of a chisel. Seen by common light these cry- 
stals offer nothing peculiar, but on the darkened field of the 
microscope they are luminous and splendidly coloured, the 
colour depending upon the thickness of the crystal, and being 
the same in all points of its surface, except upon the little in- 
clined plane which forms its extremity. But upon this oblique 
portion are seen three or four distinct bands of colour parallel 
to the edge and offering to the eye a visible scale or measure 
of the rapid diminution of thickness in that part. The ob- 
served succession of colours in one experiment was the fol- 
lowing. Yellow, brown, purple, blue, sky blue, straw yellow, 
yellow, reddish purple, blue, sea green, green~ greenish yellow, 
pink, green, pink, blueish green, pink. 

Taking, again, for the subject of experiment the sulphate t~f 
copper, we may make it crystallize in quite another manner, 
by not employing any heat, but simply touching the drop 

, ~ T ~  
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32¢ Mr. H. F. Talbot's Experiments on Light. 

with an exceedingly small portion of nitric aether. This 
causes in a short time a deposition of minute crystals in the 
form of rhomboids, exquisitely perfect in shape and transpa- 
rency, and of every variety of size. 

When these miniature crystals are placed on the stage of 
the microscope, the field of view remaining dark as before, 
we see a most interesting ph~enomenon ; for as every crystal 
differs from the rest in thickness, it displays in consequence a 
different tint, and the field of view appears scattered with the 
most brilliant assemblage of rubies, topazes, emeralds, and 
other highly coloured gems, affording one of the most pleas- 
ing sights that can be imagined. The darkness of the ground 
upon which they display themselves greatly enhances tile 
effect. Each crystal is uniform in colour over all its sm'face, 
but if the plate of glass upon which they lie is turned round 
in its own plane, the colour of each crystal is seen to change 
and gradually to assume the complementary tint. Many 
other salts may be substituted for the sulphate of copper in 
this experiment, and each of them offers some peculiarity, 
worthy of attention, but difficult to describe. Some salts, 
however, crystallize in such thin plates that they have not 
sufficient depolarizing power to become visible upon the dark 
ground of the microscope. For instance, the little cryslals of 
sulphate of potash, precipitated by ~ether, appear only faintly 
visible. In these circumstances a contrivance may be em- 
ployed to render evident their action upon light, lit must be 
obvious that if a thin uniform plate of mica is viewed with the 
microscope, it will appear coloured (the tint depending on the 
thickness it may happen to have), and its appearance will be 
everywhere alike, in other words it will produce a coloured 

dgeld of view. Now if such a plate of mica is laid beneath the 
crystals, or beneath the glass which supports them, these 
crystals, although incapable of producing any colour them- 
selves~ are yet frequently able to alter the colour which the 
mica produces; for instance, if the mica has produced a blue, 
they will, perhaps, alter it to purple, and thus will have the 
appearance of purple crystals lying on a blue ground. 

Such are the appearances when we examine crystals perfect 
in form and structure. But the opposite extreme of the phae- 
nomenon is also worth considering, namely, when the crystal- 
lization is as irregular as possible, which is the case, for in- 
stance, when a few drops of a saline solution are evaporated 
by rapid heat. The salt chosen should of course be of a kind 
which acts powerfully upon light. When different portions 
of such a crystalline fihn are examined successively, the alter- 
nations of colour succeed each other so rapidly and in such a 
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:Mr. H.  F. Talbot's Experiments on Light. 325 

capricious manner, as to baffle description, and with care it is 
o{[en possible to detect five or six different shades of colour 
upon some of the very  smallest of the crystalline fragments. 
These miniature ph~enomena are often highly curious. Upon 
one occasion a solution of some salt was precipitated by al- 
cohol in very minute crystals. When the alcohol began to 
evaporate, it caused currents in the liquid, which carried the 
crystals across the field of view, and at the same time caused 
them to revolve round their centres. 

The crystals, which were highly luminous in one position, 
when their axes were in the proper direction for depolarizing 
the light, became entirely dark in the opposite position, thus, 
as they rapidly moved onwards, appearing by tarns luminous 
and obscure, and resembling in miaiature the coruscations of 
a firefly. I t  was impossible to view this without admiring the 
infinite perfection of nature, that such almost imperceptible 
atoms should be found to have a regular structure capable of 
acting upon light in the same manner as the largest masses, 
and that the element of light itself should obey in such trivial 
particulars the same laws which regulate its course through- 
out the universe. 

IiJ what has preceded I have always supposed the polarizing 
eyepiece in such a situation as to darken the field of view. I f  
we now turn it round 90 ° , the field of view becomes bright. 
But we are now presented with a new set of appearances, 
which though not so striking as the last, still have consider- 
able interest. Even in this position the apparatus often im- 
parts a strong tinge of colour to crystals which are quite 
white by ordinary light; and this is sometimes so intense as 
to produce complete opacity. As this fact appears to me to 
be new, and is particularly striking, I will mention that I have 
most fi'equently observed it with the salts of" copper and nicke]~ 
but it also occurs with other salts. 

The singularity of this appearance is enhanced by turning 
round the polarizing eyepiece; for when the field of view be- 
comes dark, the crystal becomes white and luminous, and 
when the field becomes bright, the crystal darkens and becomes 
entirely opaque. I have not yet satisfied myself concerning 
the cause of this remarkable pheenomenon, which is not in 
accordance with the received theory; but it probably arises 
from something peculiar in the chemical nature of these cry- 
stals, which causes them to deviate from the ordinary law of 
action with respect to the differently coloured rays. 

A circumstance which frequently accompanies these experi- 
ments is too remarkable to be passed over in silence. 

The crystals which form in the liquid under examination are 
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S26 Mr. H. F. Talbot's Experiments on Light. 

often observed in a state of rapid growth, increasing in all 
their dimensions, while they accurately retain the same geo- 
metrical figure. With the polarizing microscope they are 
seen to change their tint as they increase in size, and thus, 
tbr instance, it o|ken happens that a crystal which possessed 
a red eolour at the moment of the first observation, if viewed 
again after the lapse of a single minute, may have turned to 
green; and again, after the lapse of another minute, it will, 
perhaps, have become blue. 

I have said enough to show that I regard the polarizing 
microscope as an instrument of great promise, and although 
I have not had leisure to undertake any very extensive series 
of experiments with it, yet I will add two instances by way of 
illustration of the manner in which it develops the structure 
of transparent bodies, and I will choose for my examples the 
sulphate of potash and the acetate of copper, in both of which 
I am able to confirm the ph~enomena announced by preceding 
observers. 

Sulphate of Potash.--In the yearl819, Sir David Brewster 
discovered that the bipyramidal sulphate of potash, which had 
been always considered as a simple crystal, was, on the con- 
trary, a compound of three others, very curiously jointed to- 
gether, in such a way as to produce a six-sided pyramid. 

This he ascertained by making a section of the crystal and 
viewing a plate of it by polarized light. (See Edinburgh Phi- 
losophical Journal, vol. i. p. 6.) 

But by proper management I find the sulphate of potash 
may be made to crystallize in thin hexagonal plates, and thus 
their structure may be examined without the trouble of cutting 
them. When a perfect hexagon of this kind is viewed in the 
polarizing microscope, it is seen to be divided into six co- 
loured triangles, bounded by the six lines which go from the 
centre of the hexagon to its angles. There are, however, only 
three difi~rent eolours, because each triangle has always the 
same colour with the one opposite to it. It is worth remark 
that the six boundary lines are visible even by common light, 
resembling small veins or cracks in the crystal. 

Acetate of Co_p_per.--In this salt Sir David Brewster detected 
the beautiful property of dichroism. (See Phil. Trans. for 
1819, or Brewster's Optics, p. ~5e.) 

By cutting a plate of it from a large crystal, and. examining 
it by polarized light, he found that it changed its tint fi'om 
blue to green according to the position in which the crystal 
was held. Now this curious observation receives the most 
ample confirmation from the polarizing microscope. I found 
the following a convenient method of performing the experi- 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 0
3:

49
 1

9 
Se

pt
em

be
r 

20
12

 



Mr. H.  F. Talbot's Experiments on Light. S27 

ment. A drop of saturated solution of sulphate of copper was 
precipitated by ammonia. The precipitate was again dissolved 
by more of the alkali, taking care to add no more than was 
requisite for that purpose. Some strong aeeticaeid was then 
added, and the whole stirred together with a glass rod, upon 
a plate of glass, which was then laid upon the stage of the mi- 
croscope. In about half a minute spontaneous crystallization 
took place of a very beautiful salt, which I presume to be the 
acetate of ammonia and copper, in rhomboids of a deep blue 
eolour, and very perfect in shape, insomuch that among 
many hundreds of' them the microscope detected scarcely any 
that had any flaw or defect of transparency. In shape these 
crystals are not unlike those of common sulphate of copper, 
but they are distinguished from them by a decisive character, 
namely, their deep blue colour, even when of the very smallest 
dimensions: for the crystals of sulphate of copper, when of 
this degree of minuteness, are perfectly white. Now, when 
the incident light is polarized, it causes a singular change in 
these crystals ; for one half of them become green, the other 
half acquiring a purer blue than before. But on turning round 
the plate of glass that supports them, the blue ones are seen 
to change their tint to green, while the green in their turn 
become blue: thus exhibiting the dichroism of which SirDavid 
Brewster was the first discoverer; and exhibiting it, let it be 
observed, in crystals too small to be seen with the naked eye, 
and without the observer's having the trouble of cutting and 
polishing their surfaces. 

Potash may be substituted for ammonia in this experiment, 
but soda will not answer tile purpose. 

§ 2. On Photomet~ 9. 
The subjects of optical inquiry are so diversified and di- 

stinct that I have found it convenient to arrange the experi- 
ments I am relating under several separate heads, which have 
perhaps, little or no connexion with each other. Those men- 
tioned in the last section were made lately, while, on the con- 
trary, those in the present section, relating to photometry, were 
made nine years ago, and should have been published at that 
time, except that I wished to render them more worthy of 
publication by following up the many other trains of experi- 
ment which they suggested. An article in a foreign journal 
having recalled my attention to this subject, I will proceed to 
give a short account of the view I took of it formerly, and 
which I have seen no reason to alter since. 

Photometry, or the measurement of the intensity of light, 
has been supposed to be liable to peculiar uncertainty. At 
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328 Mr. H.  F. Talbot's Experiments on Light. 

least no instrument that has been proposed has met with ge- 
neral approval and adoption. I am persuaded, nevertheless, 
that light is capable of accurate measurement, and in various 
ways; and that the difficulties which stand in the way of ob- 
taining a convenient and accurate instrument tbr photometrical 
purposes~will ultimately be overcome. 

To begin with the most simple considerations which may 
serve to guide us in reasoning on this subject, I will select 
the experiment well known to every one of whirling round a 
glowing coal, which from its rapid motion conveys to the eye 
the impression of a continuous fiery circle. Tile question de- 
serves consideration whether the eye receives from this cir- 
cular ring exactly the same quantity of light which it received 
from the much smaller surface of the coal at rest. There can 
be no doubt, as it seems, that such must be the case; for if  
the luminous circle sent more rays to the eye, it would like- 
wise send more in every other direction, and thus the apart- 
ment would become more illuminated than before, which is 
not the fact. If, then, the total quantity of light remains the 
same, it follows that its apparent intensity must have dimi- 
nished exactly in the same proportion as its apparent area has 
been enlarged. For the sake of more accuracy if we confine 
our reasoning to a very small portion of the luminous body, 
the enlarged area which it seems to occupy is evidently pro- 
portional to the circumference of the circle it describes ; there- 
fore the preceding argument alleges that the intensity of light 
diminishes as the circumference increases. But in the same pro- 
portion in which the circumference increases, the time during 
which the coal is found in any particular point of the circle 
diminishes. 

The rapidity of the rotation does not affect the argument. 
For  instance, if the rotation is in a vertical plane, the time 
during which the coal occupies the summit of the circle, com- 
pared with the time of one whole revolution, necessarily di- 
minishes when the circle grows larger; for the time of its 
being so situated bears the same proportion to the whole 
time, that the diameter of the moving body (which is con- 
stant) bears to the whole circumference through which it 
moves. Since, then, these two things--the intensityof light 
and the time of the body's remaining. ~, in anyg.iven part of the 
circle--are each inversely propomonal to the circumference of 
the circle it describes, it follows that they must be directly 
proportional to each other ; that is to say, that a regularly in- 
termittent luminary whose observations are too frequent and 
too transitory for the eye to perceive, loses so much of its ap- 
parent brightness fi'om this cause, as is indicated by the pro- 
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Mr. H.  F. Talbot's l~,xperiments on Light. 329 

portion between the whole time of observation, and the time 
during which it disappears. This seems a very simple law, 
and therefore likely to be t rue;  but such an experiment is 
much too inaccurate to be relied upon to establish it. But as 
it suggests a very important idea, namely, that time may be 
employed to measure the intensity of light, it becomes desir- 
able to establish it on solid grounds. And this is easily ac- 
complished ; we have only to take a white circle, with one of 
its sectors painted black, and make it revolve rapidly. It  will 
appear, as every one knows, of a uniform gray tint, without any 
variation fi'om the centre to the circumference ; and yet, if we 
look first at a point near its centre, and afterwards at a point 
near its circumference, a much greater portion of the white sur- 
face will pass beneath the eye in the latter ease than in the 
former. But a greater portion of the black surface likewise 
passes, and causes a compensation. In every point of the cir- 
cle the white and black parts meet the eye during the same 
proportion of time, and therefore the tint is uniform through- 
o u t ,  

This experiment, though very simple and well known, 
seems yet well calculated to detect an), error in the assumed 
law, if it should deviate in the least from the truth ; for such 
a deviation would cause a perceptible want of uniformity in 
some parts of the circle which the eye would not fail to dis- 
cover. I need hardly observe that it would be ilh)gieal to 
assert c~priori the existence of this law of optics, however 
simple and natural it may appear, unless we were perfectly 
well acquainted with the circumstances which accompany the 
action of light upon tile retina, which is very far from being 
the case. Its proof can rest upon experiment alone, and by 
that it appears to be most satisfactorily established. 

Assuming white paper, at least for the present, as our 
standard of whiteness, and applying to the revolving circle 
black sectors of different angles, we obtain, when they are set 
in motion, various gray tints, the obscuration in which is pro- 
portional to the angle of the sector ; and therefore, if we make 
an assortment of numerous shades of gray paper, and ascer- 
tain by direct comparison with the revolving wheel that in 
any particular experiment its tint matches one of the papers, 
we have only to mark upon the paper the angle of the sector 
employed, and we may ever after employ the paper with con- 
fidence in questions of a similar kind. According to this no- 
tation perfect whiteness would be represented by 0, and per- 
fect blackness by 360. 

This method may be applied to determine experimentally 
the intensity of a polarized ray. W e  may view through a 

Third Series. Vol. 5. No. 29. Nov. 1834. 2 U 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 0
3:

49
 1

9 
Se

pt
em

be
r 

20
12

 



S30 Mr. H. F. Talbot's Experiments on Light. 

piece of doubly refracting spar a small white disk placed upon 
a black ground. W e  may cause the two images partially to 
overlap each other, and thus have a portion common to both. 
This portion will be perfectly white; but the remaining por- 
tions of each image will evidently have exactly one half of 
white light. Their tint will therefore agree with that of the 
revolving wheel when one half of it is painted black. 

But by . . . .  combining two pieces of spar, images, may be form- 
ed of vanable intensity, according to the position of the axes 
of the spar, and they may either b e  compared with the gray 
papers previously graduated, or directly with the indications 
of the revolving wheel. Having thus found the proportion 
of white light in the images for any given position of this po- 
larizing instrument, it may afterwards itself become, eminently 
employed as a photometer. The colours hitherto used were 
white and black, but in order to verify the results more com- 
pletely, any two other colours may be ehosen, and the mixed 
tint arising from their union may be employed instead of the 
gray. 

Having thus considered the appearance of a whirling disk 
containing one black sector, I next made the following varia- 
tion in the apparatus. I described a great number of con- 
centric circles, and drew a common diameter to them, and 
marked off upon each circumference a number of degrees 
(reckoned from the diameter) which diminished regularIy 
ti'om 360 ° to 0 as the circles grow larger ; i. e. in the smallest 
circle I took nearly all the circumference, in the middle circle 
I took half the circumference, and in the outer circle the arc 
was reduced to nothing. The extremities of all the arcs be- 
ing joined together, formed a line belonging to the class of 
spirals, but having only one convolution, and bounded by the 
common diameter. 

(See figure 1.)--This spiral figure was painted black, the 
rest of the circle remaining white, and the wheel was then made 
to revolve. The result was a gray surface varying gradually 
and regularly, in concentric shades, from perfect blackness in 
the centre to perfect whiteness in the circumference. I then 
chose a number of coloured papers and cut them into circles 
of the same size, each of which had this spiral traced upon it, 
which I afterwards cut out from the rest of the circle. By 
this means, being all of a size, they could be made to replace 
each other in a great variety of ways; for instance, the blue 
spiral was put on the yellow circle, and the yellow spiral on 
the blue circle. Vv'hen in motion, I obtained in each case a 
surface varying gradually from perfect blue to perfect yellow, 
the central part being blue in the first case) and yellow in the 
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Mr. H. F. Talbot's Exfleriments on Light. 331 

latter. But the most curious part of this experiment was to 
observe the neutral tint, through which the.colour passed at a 
certain point. When this neutral tint offered any singularity 
that made it desirable to examine it more particularly, it was 
eas. y, by measuring its 
distance fi'om the cen- 
tre, to compute how 
much of each colour 
entered into its compo- 
sition ; for instance, if 
the diameter of the 
wheel, formed of ye.1- 
low and blue, was six 
inches, and the tint in 
question was two inches 
from the centre (sup- 
posed blue), it contained 
two thirds of blue and 
one third of yellow, and 
therefore I had only to 
make a blue circle, and 
place on it a yellow sector of 120°~ to obtain infallibly the 
same tint over all its surface.. 

It may be objected to these experiments with revolving disks, 
that they afford no assistance when the light of lamps, &c., is 
the subject of comparison. But in that case, the principle re- 
maining the same, the application of it must be varied, and 
we must observe the luminary through a revolving wheel 
whose spokes are gradually tapering-towards the~centre. 
I t  there are twelve spokes each of which forms a sector of 
five degrees, their sum is 60 degrees, and the proportion of 
this to the whole circle, viz. one sixth, is the degree of obscu- 
ration produced by the wheel when rapidly revolving upon eli 
objects that are seen through it. 

I f  the wheel has eighteen spokesj each of which is a sector 
of 10% their sum is 180°~ and therefore, a lamp seen through 
them loses one half of its lighb and every other luminous ob- 
ject the same constant proportion. But since it is requisite 
to have the power of producing a variable obscuration, this 
may be accomplished by having a second wheel similar to the 
first, and placed close to it upon the same axis, so that they 
may be capable of being fastened together in any required 
position. If  they are placed so that their spokes correspond, 
the two wheels wills of course, only produce the same effect 
that either of them would separately; but if the spokes of one 
correspond to the intervals of the other~ they will prevent any 
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33~ Mr. H.  F. Talbot 's ExTerlments on Light. 

light from passing. Whence  it is plain that intermediate posi- 
tions may be found which give any precise degree of obseura- 
tion that may be desired. 

T h e  next  step I took in pursuing this inquiry was to re- 
verse the first experiment, of a luminous body in motion, by 
viewing its image reflected from a revolving mirror. For  in- 
stance, the image of the sun was made to describe a portion 
of a great circle of the heavens by causing the mirror to re- 
volve round an axis properly situated. The  moving image 
thus produced a band of light half a degree broad, and if the 
preceding reasoning is true, the intensity of light in the cen- 
tral part of  this band is diminished in the proportion of the 
sun's diameter to 360 °, that is, of 1 to 720. Th e  band is 
therefore, in its central part, 720 times fainter than the sun's 
image at rest, (reflected from the same mirror,) and towards its 
borders it is gradually fainter. But as the light will still be 
too bright for comparison with terrestrial flames, it must be 
diminished further by a second operation of the same kind. 
And this may be done in various ways. T h e  most simple 
seems to be to employ a screen having an aperture through 
which a small portion of the band only can be seen, for in- 
stance, half a degree of its length, and then treating this se- 
parated portion as a new luminary. By help of a second re- 
volving mirror it may be again weakened 7~0 times, so that 
the effect on the eye is then diminished a number of times ex- 
pressed by the square of 7~20, or about half  a million, great 
care being, however, necessary in this second experiment as 
to the position of the observer's eye*. For  a photometrieal 
comparison of objects which are exceedingly unequal in 

~* As this seems liable to error, except  when the second mirror is so 
distant from the screen that  all its parts may be considered equidistant 
from it, the following method may be preferable, though it involves some 
mathematical ealcnlation. It has been already remarked, that  the sides o f  
the  luminous band or zone are t:ainter than its central par t  ; because the  
image of  the  sun's disk takes a shorter  time to traverse any point in that  
zone the  more distant it is from the central line. This want of  uniformity 
requires that  we should determine what  is the average brightness of  the  
zone ; and this resolves itself into the mathematical problem, " W h a t  is 
t he  average value o f  all the  chords o f  a circle, supposing an infinite num. 
ber  of  them to be drawn infinitely near to each o ther  (but equidistant) ? 
And the  answer given to this question by the integral calculus is, that  the  
average line is equal in length to the quadrantal arc of  the circle. This 
arc bears to the  diameter  the  ratio of  785 to 1000 nearly, therefore the  

785 ~ .  average brightne.~s of the zone is only ~ ot the brightness of its central 
part. 

Now, if by help of  a second revolving mirror, we cause the  image o f  this 
zone to move in a direction perpendicular to its length, it will be expanded 
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Mr. H .  F. Talbot's ExTeriments on Light. $3~* 

brightness, I think I have here suggested a method that is 
founded upon sound principles. 

But here let me be permitted to leave for a moment the 
immediate subject of this paper for the purpose of offering a 
suggestion relating to the measurement of quantities in va- 
rious other branches of natural philosophy. I think the same 
method which I have here advanced as leading to a correct 
numerical estimation of intense light, is also applicable to the 
measurement of very intense heat. I t  is well known what dis- 
crepancy of opinion exists as to the proportion of ordinary 
temperatures to those which are very exalted (such, for in- 
stance, as that of melted platina). Might we not measure this 
heat with an ordinary thermometer~ provided we so contrive 
the experiment that its exposure to the heat shall be inter- 
mittent, and shall only last for an extremely small portion of  
the whole time ? To illustrate this idea, let us suppose a red- 
hot cannon bali suspended near the edge of a rapidly re- 
volving wheel. I f  a thermometer were fixed on the circum- 
ference of the wheel, it would be only exposed to the influence 
of the high temperature during a small part (let us suppose, 
for example's sake, a hundredth part) of its revolntion. If, 
therefore, it was observed to mount five degrees, we might 
fairly argue that it would have sustained an increase of tem- 
perature of 500 ° , if  it had remained stationary at the point 
nearest to the ball. 

I t  is true, that in this form the experiment would be very 
inaccurate, owing to the cooling power of the atmosphere on 
the revolving thermometer and other causes, therefore I only 
mention it for the sake of illustration; or both the heated 
body and the thermometer might be at rest, and a rotatory 
screen might intervene between them, having an aperture of 
given dimension, (luring the passage of which the thermo- 
meter would be affected by the heat, but not at other times. 

I f  there is any truth in the preceding argument, as I trust 
there is, it offers a method (and perhaps the only possible 
one of subjecting to numerical comparison some qualities of 

785 into a surface uniform in light, which will have __~6)~ × ~ o o '  that is, 

1 
about 66o,ooo of the brightness of the sun ; that is, speaking accurately, 

not of the sun himself, but of his image reflected successively from both 
mirrors when at rest. It is, however, to be observed, that the velocities 
of the two mirrors must not be equal, nor in any simple ratio to one an- 
other, otherwise their effect would be ditfcrent from what is here cvutcm- 
plated. 
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334 Dr.Faraday's Experimental Researe)tes in ElectriciCu. 

bodies which have never, I believe, been even attempted to be 
measured, such as the intensity of odours, &c.; for this prin- 
ciple seems to have a general application. We may always 
find means of dividing the experiment into minute intervals 
of time, and we may cause that quality of the body which 
we wish to estimate the intensity of to act upon our senses 
or upon our instruments, only during a certain number of 
those intervals, but regularly and rapidly recurring in a stated 
order. 

XLV.  Experimental Researches in Electricity. - -  Seventh 
Series. B3f MtCI~IA:SL FAaADAY, D.C.L. F.R.S. Fulleriau 
Prof. Chem. Royal Institution, Corr. Memb. lto~/al and Imp. 
Jlcadd. of  Sciences, Paris, Petersburgh, Florence, Copenhagen, 
Berlin, die. 

[Continued from p. 264.] 

¶ vii. On the definite Nature and .Extent o f  Electro-chemical 
Decomposition. 

788. | N  the third series of these Researches, after proving 
the identity of eleetricities derived fi'om different 

sources, and showing, by actual measurement, the extraor- 
dinary quantity of electricity evolved by a very feeble voltaic 
arrangement (S71. S76.), I announced a law, derived from 
experiment, which seemed to me of the utmost importance to 
the science of electricity in general, and that branch of it de- 
nominated electro-chemistr37in particular. The law was ex- 
pressed thus : The. chemical 2aower o f  a current o f  electricitg is 
in direct proportion to the absolute ~uantitl d o f  eleetricit2t 
which Tasses (S77.). 

784. In the further progress of the successive investigations, 
I have had frequent occasion to refer to the same law, occa- 
sionally in circumstances offering powerful corroboration of its 
truth (¢56. 504. 505.); and the present series already supplies 
numerous new cases in which it holds good (704.722.726. 739.). 
I t  is now my object to consider this great principle more 
closely, and to develope some of the consequences to which it 
leads. That the evidence for it may be the more distinct and 
applicable, I shall quote cases of decomposition subject to as 
few interferences from secondary results as possible, eiTected 
upon bodies very simple, yet very definite in their nature. 

785. In the first place, I consider the law as so fully esta- 
blished with respect to the decomposition of water, and under 
so many circumstances which might be supposed, if anything 
could, to exert an influence over it, that I may be excused 
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